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Pre face  

The fo l lowing  r e p o r t  i d e n t i f i e s  32 i s o l a n t s  from s o i l s  of t h e  Ch i l e  

Atacama Desert. Of t h e  32 i s o l a n t s  t h e r e  are 5 molds,  1 y e a s t ,  8 ac t ino -  

mycetes and 18 b a c t e r i a  r e p r e s e n t i n g  15.6%, 3.1%, 25.0% and 56.3% respec-  

t i v e l y .  I n  t h i s  r e p o r t  t h e  y e a s t  and mold i s o l a n t s  a r e  d i s r ega rded .  The 

act inomycetes  a r e  be ing  s tud ied  by Sumie Nishikawa f o r  i d e n t i f i c a t i o n .  Y 

The remaining b a c t e r i a l  cul tures  a r e  i d e n t i f i e d  and presented i n  t h i s  

r e p o r t .  

n a t i o n s  precedes t h e  Desc r ip t ive  Char t s  f o r  each i s o l a n t ,  I n  a d d i t i o n  

A dichotomous key and a l i s t  of t h e  i s o l a n t s  and s p e c i e s  des ig-  

t o  t h e  Desc r ip t ive  Char t s  f o r  t h e  v i a b l e  i s o l a n t s ,  photomicrographs of 

t h e  non-viable i s o l a n t s  a r e  included 

Of t h e  18 b a c t e r i a l  i s o l a n t s  2 a r e  Micrococ.cus s p p . ,  4 a r e  Mycococcus 

s p p . q  2 a r e  "soil  d iphthero ids"  and 1 0  a r e  B a c i l l u s  -- -. s p p . ,  comprising 

11.1%, 22.2%, 11.1% and 55.6% r e s p e c t i v e l y .  

See r e p o r t  on Streptomyces,  dated April 25, 1968. 

Two of t h e  i s o l a n t s ,  268Aa and 268Bd, f a i l e d  t o  grow; a l though ,  
from microscopic  examinat ion of t h e  o r i g i n a l  c u l t u r e  t hey  
appeared r e l a t e d  t o  t h e  Mycococcus. 



LIST OF ISOLANTS AND SPECIES DESIGNATIONS -- - 

Code Spec ies 
Number Designat ion Page 

256Ba B a c i l l u s  s u b t i l i s .  

257Ba 

*257Ab 

258Ba 

259Aa 

259Ab 

*259Bc 

260Aa 

260Ab 

260Bc 

260Bd 

2 6 OAe 

2 6 OAf 

*261Ba 

261Bb 

Yeas t .  

( t*Soi l  d iphthero id") .  

Mold. 

B a c i l l u s  megater i u m .  

Mold. 

Actinomycete . 

B a c i l l u s  subt  i l i s  var . n ige r  . 

B a c i l l u s  meeaterium. 

B a c i l l u s  s u b t i l i s  v a r .  n i g e r  . 

B a c i 1 1 u s  mega t e r i um , 

Actinomycete (Streptomyces c o e l e s t i s ) . * *  

Actinomycete (Streptomyces c o e l e s t i s ) . * *  

Actinomycete . 
Mold. 

* I s o l a n t  would no t  grow upon o r i g i n a l  t r a n s f e r .  

28 

38 

18 

30 

20 

32 

22 

** See r e p o r t  on Streptomyces.  



2 . c ~1 

I ' r  

i 

2 6 6Aa 

266Ab 

266Ac 

*268Aa 

268Bb 

2 68Ac 

268Bd 

274Aa 

275Aa 

275Ab 

277Ba 

277Bb 

27 7Ac 

278Ab 

278Bc 

278Bd 

279Aa 

B a c i l l u s  l a t e r o s p o r u s ,  

B a c i l l u s  megaterium. 

B a c i l l u s  l a t e r o s p o r u s ,  

(Mycococcus s p .  1. 
_. 

Myc oc occ u s  a lbus  - subsp. a lb idus .  

Mycococcus a lbus  subsp. a lb idus .  

(Mycococcus s p . ) .  

Mold. 

Actinomycete (Streptomyces a l b u s )  .** 
Actinomycete . 

Micrococcus s p .  

Actinomycete (Streptomyces parvulus).** 

"Soi l  d iphthero id  .'I 

Micrococcus s p .  

Actinomycete (Streptomyces longisporuber).** 

Mold. 

B a c i l l u s  1 i chen i f  ormis . 

* I s o l a n t  would not  grow upon o r i g i n a l  t r a n s f e r .  
** See r e p o r t  on Streptomyces.  

34 

24 

36 

38 

12 

14 

38 

8 

16 

10 

26 
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I. Molds. 

-7 

d 

"I 
5 

258Ba 
259Ab 
261Bb 
274Aa 
278Bd 

11. Yeas t .  

257Ba 

111. Actinomycetes . 

*259Bc 

DICHOTOMOUS KGY - 

260Ae (Streptomyces coe le s t i s ) . **  
260Af (StreDtomvces c o e l e s t  i s )  .** 

*261Ba 

*275Ab 
275Aa (Streptomyces a lbus )  .** 
277Bb (Streptomyces parvulus)  .** 
278Bc (Streptomyces 1 ongis  por uber ) . ** 

* I s o l a n t  w o u l d  no t  grow upon o r i g i n a l  t r a n s f e r .  
** See r e p o r t  on Streptomyces.  



IV. 

277Ba 

278Ab 

268Aa 

268Bd 

268Bb 

268Ac 

B a c t e r i a  . Gram-positive . 

A .  Do not  s u r v i v e  p a s t e u r i z a t i o n .  

1. Cocci .  

a .  Pigmented--Br i t e  Peach. 

Micrococcus s p . 

b .  Non-pigmented. 

Micrococcus SP. 

2.  Rods. 

a .  Morphology of t h e s e  i s o l a n t s  v a r i e s  from coccoid ,  
e l l i p s o i d a l  and rod shapes t o  pleomorphic-rods; 
a l s o ,  more r e f r a c t i v e ,  l a r g e r  s p h e r i c a l -  t o  rod- 
shaped forms occur (poss ib ly  Krass i ln ikov ' s  
" invo lu t ion  forms").  

(1). I s o l a n t s  f a i l  t o  grow. 

(Mycococcus s p . ) .  

(Mycococcus s p . ) .  

(2 ) .  I s o l a n t s  growing. 

Mycococcus a lbus  subsp. a l b i d u s .  

Mycococcus a lbus  subsp.  a lb idus .  

b .  Typica l  " s o i l  diphtheroid" morphology. 

(1). I s o l a n t  f a i l s  t o  grow. 

257Ab - "Soi l  d ioh the ro id  ." 

8 

10 

38 

38 

1 2  

14 

4 

38 



(2 ) .  I s o l a n t  growing. 

2 7 7Ac "Soi l  d iphthero id  .If 

5 

16 

B .  Survive p a s t e u r i z a t i o n .  

The remainder of t h e  Dichotomous Key fo l lows  : 

Smith ,  Nathan R . ,  Ruth E .  Gordon, and F r a n c i s  E .  C la rk .  1952. Aerobic 
Sporeforming B a c t e r i a .  Agr i cu l tu re  Monograph N o .  16 .  U.  S .  Department 
of Agr i c  i l l  t u r  e . 
Breed,  Robert  S . ,  E. G.  D.  Murray, and Nathan R .  Smith. 1957. Bergey's 
Manual of Determinat ive Bacter io logy .  7 t h  e d .  Bal t imore ,  The Williams 
and Wilkins Company. 

I .  Sporangia not  d e f i n i t e l y  swollen.  Spores  e l l i p s o i d a l  t o  c y l i n d r i c a l )  
c e n t r a l  t o  t e r m i n a l .  Spore wa l l s  t h i n  and no t  e a s i l y  s t a i n e d .  
Gram p o s i t  ive  . 

A .  Protoplasm of young c e l l s  grown on g lucose  agar  vacuolated if 
l i g h t l y  s t a i n e d .  
Diameter of vege ta t ive  rods  is 0.9 micron or more. 

1. Acid from mannitol  wi th  ammonium s a l t s  a s  soiirce of n i t r o -  
gen. Acetylmethylcarbinol  not  p r o d x e d  . 

2 5 9Aa 
260Ab 
260Bd 
2 5 6Ab 

B a c i l l u s  megateri-um. 
megater i u m .  
megater i u m .  
megater i u m .  

18 
20 
22 
24 

B .  Protoplasm of young cells grown on g lucose  agar  no t  vacuolated 
i f  l i g h t l y  s t a i n e d .  
Diameter of v e g e t a t i v e  rods  is less t h a n  0.9 n -  I i c ron .  

1. Growth on glucose agar  a s  good a s  or bet t .er  t han  on aga r .  
Good growth on soybean aga r .  

a .  Growth i n  7 percent  NaCl agar .  

b .  S t a r c h  hydrolyzed. Ni t r i tes  produced from 
n i t r a t e s .  
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c .  Good growth under anae rob ic  condi- 
t i o n s  i n  glucose b r o t h ;  pH of c u l -  
tures is 5.2 o r  below. Gas pro- 
duced from n i t r a t e s  under a l k a l i n e .  
anaerobic  condi tons.  

279Aa B a c i l l u s  1 ichenif  ormis. . 26 

cc. Scan t  i f  any growth i n  glucose b r o t h  
under anaerobic  c o n d i t i o n s ;  pH of 
c u l t a r e s  is higher t h a n  5.2. N o  gas 
produced from n i t r a t e s  under a l k a l i n e ,  
anaerobic  c o n d i t i o n s .  

256Ba B a c i l l u s  s u b t i l i s .  2% 

d . Black pigment on t y r o s i n e  media .3nly. 

2 6 OAa B a c i l l w  s u b t i l i s  v a r .  n i g e r .  

260Bc B a c i l l u s  s u b t i l i s  v a r .  n i g e r .  

30 

32 



7 

11. Sporangia d e f i n i t e l y  swollen.  Spores e l l i p so ida l ,  r a r e l y  
c y l i n d r i c a l ,  c e n t r a l  t o  t e rmina l .  Spore wal l  t h i c k  and 
e a s i l y  s t a i n e d .  Remnants of sporangium sometimes adher ing .  
Gram-variable . 
B .  N o  gas  from carbohydra tes .  

1. Saprophyt ic .  Grow on ord inary  media. 

aa .  S t a r c h  n o t  hydrolyzed. 

b .  pH of glucose b r o t h  c u l t u r e s  is less than  8.0. 
Grow i n  glucose b r o t h  under anaerobic  cond i t ions .  

c .  Acid from glucose and mannitol  wi th  ammonium 
s a l t s  a s  source  of n i t rogen .  

2 6 6Aa B a c i l l u s  l a t e r o s p o r u s .  

266Ac B a c i l l u s  l a t e r o s p o r u s .  

34 

36 



OREGON STATE UNIVERSITY 
DEPARTMENT OF MICROBIOLOGY 

(JPL-NASA) 

Descriptive Chart 

(source) 
erlBrr- - -- Defi*rt 

( code number ) medim 1 

Miorococow ap. U 28OC. W.B. Bollen 
(studied by) (name of organism) (temperature) 

I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 

MORPHOLOGY: 
Form: rods, ends 

filaments, -spirals, 
branching -. 

Irregular forms: 

'GRAM REACTION: 
18 hrs: IOD P ~ S F V E  
24 hrs: 100 % hGYC'tur - 
48 hrs: Q O O L  PWWtUe- 

NIGROSIN : 

PASTEURIZATION SURVIVAL (85% 10 minutes) : ~ c a p s r l ~ ~  . 
Sporangia: none, rods, spindles, elliptical, cluvate, drumstick. 
Endospores: swollen, not swollen,. 

Shape: spherical, ellipsoidal, cylindrical, oval. 
size: average - 

Position: centra1,to excentric, terminal, subterminal. 

range - 

MOTILITY: age 1 Oh * .u€6m\s. 
Flagella: 

OTHER STAINS : 

18; 24; 48 hr, GRAM: 

*resembling   roseu us. 



11. CULTURAL CHARACTERISTICS 

AGAR STROKE: age 3. 
Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, echinulate, d u s e ,  filiformd rhiz- 

Consistency: adherent, brittle, butyrous, membranous, moist, 

AGAR COLONIES : age A. 

oid, spreading. 

slimy,soft, tough, viscid, waxy. 

Macroscopic 
size: .-'i.m. 
Shape: filamentous, irregular, oual, puntiform, a 
Elevation: beueled, conuex, effuse, fit, papillate, puluin- 

Topography: contoured, rough, smooth striated, wrinkled. 
Habit: co- spreading. 

Margin: Ciliate, cleft, crenate, entire, erose, granular, 

Internal structure: amorphous, dense, filamentous,=- 

ate, raised, rugose, u m b o n a  

Microscopic ( 1OOx) 

lobed, rhizoid, undulate. 

& (&, coarse), interhed, striated. 
Optical properties 

Appearance by reflected light: dull, fluorescent, glisten- 
& iridescent, opalescent. 

Appearance by transmitted light: o a ue translucent, 
transparent. 9 

Medium: blackened, blued, browned, grayed, greened, 

Chromogenesis : 
yellowed, unchanged. 

(medium) ( color ) (CHM No.) 
Trypticase soy agar BRIT€ h A t H  s i a  
Potato slant NOM&, 
- 
- 

NUTRIENT BROTH: age r l ~ ,  
Amount of growth: pbundant, moderate, scant. 
Surface growth: n E ,  flocculent, membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, fluky, flocculent, granular, uiscid. 
Odor: resembling - A. 

GELATIN STAB: age rBM 
Liquefaction : crateriform, infundibuliform, napiform, 

saccate, s t r a q m .  
Rate: fast, moderate, slow. 

OTHER GROWTH CHARACTERISTICS: 
Soybean infusion agar: & 
Fat agar: 
~Iucose-nitrate agar: N ~ N E  rO -HI'- 
C w a  . N ~ R I B H T  m a :  6006. 
blurairw CIOICQ: boots. 

111. PHYSIOLOGICAL CHARACTERISTICS 

RELATIONSHIP TO 02: aerobic, anaerobic, facultative, micro- 
aerophilic. 

CATALASE : negative. 

TEMPERATURE RELATIONSHIPS: age ,-.-3.-~. 
Growth at 1 0 " C . c .  20°C. 2 8 ' C A  3 7 " k  

4 5 " C . L  55"C.-..?k.-. 

SOLE CARBON SOURCE: age 
Glucose: &&, negative. 
Sucrose: negative. 
Xylose: p e  negative. 
Citrate: g&&, negatiue. 
NH*' AS SOLE NITROGEN SOURCE: positive, 

negatiue. - 

REDUCTIONS : 
Nitrate: NOS-&, NH4 ' - ,  gas- negative. 
Methylene blue: positive, negative. 
Selenite: positive, negatiue. 
Tellurite: positiue, negative. 
- 

OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid&, alkaline-, neutral, gas. 
Sucrose: acid&, alkaline-, neutral, gas. 
Lactose: acid&, alkaline-, neutral, gas. 
Xylose: acid&, alkaline-, neutral, gas. 
Mannitol: acid&, alkaline, neutral, gas. 
- 

HYDROLYSIS : 
Gelatin: positiue, negatiue. 
Casein: positiue, negatiue. 
Fat: positive, n-. 
Starch: negatiue. 
Cellulose: positiue, negative. 
Urea: positive, negatiue. 

TOLERANCES : 
Salt: &%--positiue, negatice. 

7%-rositiue, negatiue. 
10%-positive, negatiue. 

pH: acid-__-, alkaline 

LITMUS MILK REACTIONS: 
Reaction: acid, alkaline, neutral. 
Curd: acid, alkaline, &&, gas. 
Peptionization: positiue, negative. 
Reduction: positiue, negatiue. 

OTHER REACTIONS: bNASnO6IL N C T R ~  0mNr hB 6&. &&Ems& 6-G : GWUJIW . PH 3.2. "~s~~~~ib.- Positiue, 

NH,' from peptone: gositiue, negatiue. 
DNA Acetylmethylcarbinol: positiue, negatiue. 

G:C Indol: positice, n e e .  
G+C - moles X Methyl red: positiue, negative. 



OREGON STATE UNIVERSITY 
DEPARTMENT OF MICROBIOLOGY 

(JPL-NASA) 

Descriptive Chart 

2118AI1 
(source) 
; _1"Lhi'e At- Desert 

(code number) (medium) 

2800 W,B, 
(temperature) (studied by) 

I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 

MORPHOLOGY: 
Form: rods, ends I 

filaments, - spirals, 
branching 

size: average -0.88 Y \.bB v. 
Irregular forms: 

range -0.3.8 - o .S0 Y o .W - \ .'$t>. 

NI GRO BI N : 

PASTEURIZATION SURVIVAL (85"C, 10 minutes) : WmlUE, 
Sporangia: none, TO&, spindles, elliptical, clauate, drumstick. 
Endospores: swollen, not swollen,. 

Shape: spherical, ellipsoidal, cylindrical, oual. 
size: average - 

' Position: central to excentric, terminal, subterminal. 

range - 

MOTILITY: age t, ruekAT\\K. 
Flagella : 

18; OTHER STAINS: 24; 48 hr. GRAM: 

* resembling M. - oonglomeratus. 



11. CULTURAL CHARACTERISTICS 

AGAR STROKE: age A+,. 
Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, echinulqte, effuse, filiform, rhiz- 

Consistency: adherent, brittle, butyrous, membranous, moist, 

AGAR COLONIES: age --3L. 

oid, spreading. 

slimy, soft, tough, viscid, waxy. 

Macroscopic 
Size: 2 mm. 
Shape: filamentous, irregular, oval, puntiform, r a d .  
Elevation: beveled, convex, effuse, flat, papillate, puluin- 

Topography: contoured, rough, smm, striated, wrinkled. 
Habit: gomoact, spreading. 

Margin: Ciliate, cleft, crenate, e, erose, granular, 

ate, raised, rugose-onate. 

Microscopic ( l o o x )  

lobed, rhizoid, undulate. 
Internal structure: amorphous, dense, filamentous, g E u -  - lar Ct;ne. coarse), interlaced, striated. 

Optical properties 
Appearance by reflected light: dull, fluorescent, g&n- 

by transmitted light: opaqueJ translucent, 

blackened, blued, browned, grayed, greened, 

iridescent, opalescent. 

Chrorpogenesis : 

Trypticase soy agar CetAM 
(medium) (color) (CHM No.) 

Potato slant C a m  

NUTRIENT BROTH: age --.-!!!A. 
Amount of growth: abundant, moderate, scant. 
Surface growth: n t ,  flocculent, membranous, pellicle, ring. 
Subsurface growth: none, granular, s. 
Sediment: none, compact, flaky, flocculent, granular, M. 
Odor: resembling - ! .  

GELATIN STAB: age A. 
Liquefaction: none, crateriform, infundibnlifop. napiform, 

saccate, stratiform. 
Rate: fast, moderate, slow. 

OTHER GROWTH CHARACTERISTICS: 
Soybean infusion agar: Mope Qm.(L 
Fat agar: 
Glucose-nitrate agar: . 
~ = - M ~ Q ~ L W  S ~ Q :  cooo. 
WTR~GN~ &PA : E ~ L L ~ E N ~ .  

4#8Ab L !  

111. PHYSIOLOGICAL CHARACTERISTICS 

RELATIONSHIP TO 02: aerobic, anaerobic, facultative, m&- 

CATALASE: positive, negative. 

aerophilic. 

TEMPERATURE RELATIONSHIPS: age -3. 

SOLE CARBON SOURCE: age $ 0  

Growth at wCA%, 20°C. zk..., 2 8 O C . k  37"& 
45"c.*, 55"C.*_. 

Glucose: positive, negative. & 
3iZ Sucrose: positive, negative. 

Xylose : positiv negative. 
Citrate: posit' . negative. - *. 

h. 
1 va. 
4 oa. 

-l!dIL 

NHI' AS 3 SOL ITROGEN SOURCE: posit&, 

-&; O O S f f J 6 .  
MANN rTDL: Qkttlrle - 

REDUCTIONS: 
Nitrate: NO2-&, NH4+-, gas- negative. 

Selenite: positive,. negative. 
Tellurite: positive, negative. 

.-. 
Methylene blue: ' positive, neeatiye. 

- 

OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid&, alkaline-, neutral, gas. 
Sucrose: acid*, alkaline-, neutral, gas. 
Lactose: acid*, alkaline-, neutral, gas. 
Xylose: acid&, alkaline-, neutral, gas. 
Mannitol: acid& alkaline, neutral, gas. 

1 0  

-3bA.S 

A o L  
-014. 
)aa. 

- 

HYDROLYSIS : 
Gelatin: positice, negative. 
Casein: positive, negative. 
Fat: positive, negative. 
Starch: positive, negative. 
Cellulose: positive, negative. 
Urea: positive, negative. 

TOLERANCES : 
Salt: 2%- negatice. 3!LQa 

7%-positiue, negative. 
lO%-p-e, negative. 
- 

pH: acid , alkaline--. 

LITMUS MILK REACTIONS: 
Reaction: acid, alkaline, n e w l .  
Curd: acid, alkaline, -t, gas. 
Peptionization: positive, negative. 
Reduction: positive, n e a e e .  

OTHER REACTIONS: 
kNAEftoelc NITITIS.T(E. BQ&wga CJO 64%. -: positive, ANAER~BG GLH~QEL s ~ r r q ~ ' ~ G ~ ~ m ~ u .  p"~&sk~ZcGT---- 

NHI' from peptone: positive, negative. * 
DNA Acetylmethylcarbinol: positive, negative. JSm 

#QA 
G+C ___ moles X, Methyl red: positive, negative. ls.al 

Indol: positive, negative. G:C ______-.____ 
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OREGON STATE UNIVERSITY 
DEPARTMENT OF MICROBIOLOGY 

(JPGNASA) 

tive Chart 

Soy Ascar Chile A%aoama Desert 1 (code number) TI?vDtia-e (medium ) (source ) 

M~co~oocus  plbus eubsp. albidU8 28OC W.B. Bollen 
(name of organism) (temperature) (studied by) 

I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 

NIGROSIN : 

24 hr. 

PASTEURIZATION SURVIVAL (85"C, 10 minutes) :NEG,AT(uE. 
Sporangia: none, rods, spindles, elliptical, clavate, drumstick. 
Endospores: swollen, not swollen,. 

Shape: spherical, ellipsoidal, cylindrical, oual. 
size: average - 

3 da. Position: central to excentric, terminal, subterminal. 

range - 

MOTILITY: age -!&AIL-. N € ~ A T L u G  . 
Flagella: 

OTHER STAINS : 18, 24, & 48 hr. GRAM: 



11. CULTURAL CHARACTERISTICS 

AGAR STROKE: age .d. 
Amount of growth: abundant, a, scant. 
Form: .aborescent, beaded, &&&&, effuse, @form, rhiz- 

Consistency: adherent, brittle, butyrous, membranous, moist, 

AGAR COLONIES: age 3. 

oid, spreading. 

slimy, &, tough, viscid, waxy. 

Macroscopic 
size: I m m .  
Shape: filamentous, irregular, oval, puntiform, d. 
Elevation: beveled, effuse, flat, papillate, pulvin- 

Topography: contoured, rough, & striated, wrinkled. 
Habit: comvact, spreading. 

Margin: Ciliate, cleft, crenate, g&gg, erose, granular, 

Internal structure: amorphous, dense, filamentous, m- 

ate, raised, r u g o s s o n a t e .  

Microscopic (1OOx) 

lobed, rhizoid, undulate. 

&r (& coarse), interlaced, striated. 
Optical properties 

Appearance by reflected light: dull, fluorescent, glisten- 

Appearance by transmitted light: opaque, -, 

Medium: blackened, blued, browned, grayed, greened, 

Chromogenesis: 

&, iridescent, opalescent. 

transparent. 

yellowed, m. 
(medium) ( color ) (CHM No.) 

Trypticase soy agar Lt L O n V  aca 
Potato slant NO GPOU~W -toS-& 

NUTRIENT BROTH: age -on. 
Amount of growth: pbundant, moderate, scant. 
Surface growth: none, flocculent, membranous, pellicle, ring. - Subsurface growth: granular, turbid. 
Sediment: none, compact, fluky, flocculent, granular, &id. 
Odor: resembling -. 

GELATIN STAB: age 
Liquefaction: crateriform, infundibuliform, napiform, 

saccate, stra%m. 
Rate: fa&, moderate, slow. 

OTHER GROWTH CHARACTERISTICS : 
Soybean infusion agar: Na GWWW . 
Fat agar: 
Glucose-nitrate agar: $ANT. 
QUOSC- mmatwt ALA-. SCANT. 

111. PHYSIOLOGICAL CHARACTERISTICS ab8 ab ' 

RELATIONSHIP TO 0%: aerobic, anaerobic, facultative, micro- 
aerophilic. 

CATALASE: negative. C w a k )  

TEMPERATURE RELATIONSHIPS: age 3 a n .  
Growth at =C.* 20°C. 

45°C ..., 5 5 " C . Z .  
28"C-k-, 3 7 " u  

v + 

SOLE CARBON SOURCE: age 
Glucose: m e ,  negative. 
Sucrose: negatiue. 
Xylose: positivq, negative. 
Citrate: &&, negative. 
N&' AS SOLE NITROGEN SOURCE: PositiOe, 

negative. 
LACTOSG: ~ ~ n u r .  
MANNWOL: & bTCL(&* 

REDUCTIONS: 
Nitrate: NO*-& NHa+-, gas- negative. 
Methylene blue: negative. 
Selenite: positive, negatiue. 
Tellurite: positive, negatiue. 
- 

OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid*, alkaline-, neutral, gas. 
Sucrose: acid*, alkaline-, neutral, gas. 
Lactose: acid*, alkaline-, neutral, gas. 
Xylose: acid*, alkaline-, neutral, gas. 
Mannitol: acid&, alkaline, neutral, gas. 
- 

HYDROLYSIS: 
Gelatin: positive, negative. 
Casein: positive, negative. 
Fat: positive, n- 
Starch: positive, negative. 
Cellulose: positive, negative. 
Urea: positive, negative. 

TOLERANCES: 
Salt: 2 % - m  negative. 

7%--, negative. 
10%-positive, negative. 

pH: acid , alkaline 

LITMUS MILK REACTIONS: 
Reaction: acid, alkaline, &. 
Curd: acid, alkaline, &e&, gas. 
Peptionization: positive, negative. 
Reduction: positive, negative. 

OTHER REACTIONS : 

DNA 
G:C __ 
G+C moles I 

NH;" from peptone: .oositiue. negative. 
Acetylmethylcarbinol: positive, w a t i v g .  
Indol: positiue, ggg&&g. 
Methyl red: positive, negative. 
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OREGON STATE UNIVERSITY 
DEPARTMENT OF MICROBIOLOGY 

(JPL-NASA) 

escriptive Chart 

268& Tryptlcase Soy Agar Chile Atacsma, beeert 
(medium) (source) ( code number ) 

B O C  - W; R -  R U  
( temperature ) (studied by) 

I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 

MORPHOLOGY: 
Form: &, ends-, 

filaments, cocci, spirals, 
branching 

size: average - \ s i 0  % 2 . 3 8 ~ .  
range -\.\\-\.% x 2.\1 - a.q+y. 

. “ l N V ~ Y I O N  
GR 

18 hrs: 1 0 0 %  bsr~rcM.. 
24 hrs: iOO% NOGATIW 

NIGROSIN : 

24 hr. 

48 hrs: lm ’10 N B6PlTtDL L 

PASTEURIZATION SURVIVAL (85”C, 10 minutes) :N&GAT\uG - 
Sporangia: none, rods, spindles, elliptical, clavate, drumstick. 
Endospores: swollen, not swollen,. 

Position: central to excentric, terminal, subterminal. N 1 GROS IN : 
Shape: spherical, ellipsoidal, cylindrical, oval. 
size: average - 

range - 

MOTILITY: age m. N&a&T\UE. 
Flagella: 

18, 24, OTHER STAINS: 

3 da. 

48 hr. GRAM: 



& S A C  11. CULTURAL CHARACTERZSTICS 111. PHYSIOLOGICAL CHARACTERISTICS 

AGAR STROKE: age -36A. 
Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, echinulate, effuse, filiform, rhiz- 

oid, spreading. 
Consistency: adhhcretit, brittle, butyrous, membranous, moist, 

slimy, so& tough, viscid, wary. 

AGAR COLONIES: age 2 Q 4 ~ _ .  
Macroscopic 

Size: mm. 
Shape: filamentous, irregular, ot-al, puntiform, round. 
Elevation: beveled, convex, effuse, flat, papillate, --75 -- 
a, raised, rugose, umbonate. 

Topography: contoured, rough, smooth, striated, wrinkled. 
Habit: comv&, spreading. 

Margin: Ciliate, cleft, crenate, e a  erose, granular, 

Internal structure: amorphous, dense, filamentous, a u -  

Microscopic ( 1 0 0 ~ )  

lobed, rhizoid, undulate. 

k (&, coarse), interlaced, striated. 
Optical properties 

Appearance by reflected light: dull, fluorescent, m- 
&,, iridescent, opalescent. 

Appearance by transmitted light: y a q u e ,  translucent, 
transparent. 

Medium: blackened, blued, browned, grayed, greened, 

Chromogenesis: 
yellowed, unchanged. 

(medium) color ) (CHM No.) 
Trypticase soy agar bT T A N  
Potato slant NOOROMW -TO SCWUT 

au: 

NUTRIENT BROTH: age k M - .  
Amount of growth: dundant ,  moderate, scant. 
Surface growth: none, flocculent, membranous, pellicle, r&. 
Subsurface growth: none, granular, &&. 
Sediment: none, compact, flaky, flocculent, granular, ut&&. 
Odor: resembling @BO-. 

GELATIN STAB: age rS, 
craterifom, infundibuliform, nap if orm, Liquefaction: 

saccate, s t r a v m .  
Rate: fast, moderate, sbw.  

OTHER GROWTH CHARACTERISTICS: 
Soybean infusion agar: NO GQoJnC. 
Fat agar: 
Glucose-nitrate agar:NoM& yo *UT. 
Gwc~cr.ruu.tttm,t~ AGCIU: P ~ R .  
MUTRamru? &&AS3 : MooElW'. 
ANAER~GIC ~ t r n m ~  w : ND ISAS. 
ANAER~B~C O L W S ~  0e.crrut SC.GQournr. 

DNA 
G:C ____-~ .____  

G+C _- moles % 

RELATIONSHIP TO 02: gerobic,anuerobic, facultative, micro- 
aerophilic. 

CATALASE: positive, negative. 

TEMPERATURE RELATIONSHIPS: age -~3nA. 
Growth at wC..2!!..-, 20°C. 2!L,  28"C.*, 37"&, 

f 4- 45"C.-, 55"C..2%-. 

SOLE CARBON SOURCE: age 
. Glucose: positive, negative. 3.!s-m. 

Sucrose: iositiue, negative. a-.slmb 
Xylose: ositilje negative. asm. 

- I-.pe. Citrate: a e, negafit-e. 
NH,' AS SOLE NITROGEN SOURCE: positice, 

ne atiue. 1 s Q A .  
~%sci:Qosfrlu(c. as on. 
MANNITOL: ~ O S I T l O C ,  a6 QA. 

REDUCTIONS : 
Nitrate: NO,-*, NHa+-, gas-, negative. 

Selenite: positive, negative. 
Tellurite: positit-e, negative. 

Methylene blue: positive, negative. _lkQA.  

- 

OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid+, alkaline-, neutral, gas. 
Sucrose: acid*, alkaline-, neutral, gas. 
Lactose: acid&, alkaline-, neutral, gas. 
Xylose: acid-? alkaline-, neutral, gas. 
Mannitol: acid&, alkaline, neutral, gas. 

-!€QA. 
-.lLla. 
.-Em* 
a m .  
I_ee. 

- 

HYDROLYSIS : 
Gelatin: positive, pegatiue. 
Casein: positive, negative.' 
Fat: positive, negutiug. 
Starch: positive, n a .  
Cellulose: positive, negative. 
Urea: positive, negative. 

10. 
12. 
2?LQl!l. 

-4- 

TOLERANCES : 
Salt: 2%--positive, negatice. iL.Bn. 

7%-positive, negative. 
10%-positiue, negative. 

pH: acid--, alkaline 

LITMUS MILK REACTIONS: 
Reaction: acid, alkaline, e l .  M 
Curd: acid, alkaline, h t ,  gas. AsLm 
Peptionization: positive, negative. .aQm 

-zQ-al - Reduction: positive, 

OTHER REACTIONS: 
positive, ?# i V 2 ; Z i v e .  

NHI' from peptone: positive, pgatiue. ALQa 
Acetylmethylcarbinol: positive, negative. lsea 
Indol: positive, negativg 2u!&bn. 
Methyl red: positive, negative. &Q&* 
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OREGON STATE UNIVERSITY 
DEPARTMENT OF MICROBIOLOGY 

( JPL-NASA) 

Descriptive Chart 

-2rrAC Tmptica se Soy Agar Chile Atacama Desert 
(code number) (medium) ( source ) 

( n a m e )  (temperature) (studied by) 
nRntlql a3 a It 20oc I W. B .  Bollen 

I. STAINING G MORPHOLOGICAL 
CHARACTE RISTZCS 

MORPHOLOGY: 
Form: r&, ends 

filaments, cocci, spirals, 
branching - 

size: average -0.64 x !.30r, 

Irregular forms: 
range -0.66 - CXIcl 'K I.\%= I.%P 

NI GROS I$ : 

PASTEURIZATION SURVIVAL (85"C, 10 minutes) :NWTIUE, 
Sporangia: none, rods, spindles, elliptical, clauate, drumstick. 
Endospores: swollen, not swollen,. 

Shape: spherical, ellipsoidal, cylindrical, ooal. 
size: average - 

Position: central to excentric, terminal, subterminal. 

range - 

MOTILITY: age .LWW.-. NEWWIUGS, 
Flagella : 

OTHER STAINS: 18, 24, 48 GMM: 



2?+k 11. CULTURAL CHARACTERISTICS 111. PHYSIOLOGICAL CHARACTERISTICS 

AGAR STROKE: age -7 RELATIONSHIP TO 0 2 :  Brobic, anaerobic, facultative, micro- 
aerophilic. 

Amount of growth: &undant, moderate, scant. 
Form: aborescent, beaded, echinulate, effuse, %m, rhiz- 

Consistency: adherent, brittle, butyrous, membranous, moist, TEMPERATURE FiELATIONSHIPS: age 

CATALASE: positive, nepatioe, 
oid, spreading. 

slimy, s& tough, viscid, waxy. 

AGAR COLONIES : age 

Growth at @SC.+, 20°C. AL, 2 S ° C ~  3 7 ° C  
45"C.+, 55"C.11-. 

Macroscopic SOLE CARBON SOURCE: age 
Size: ____ mm. Glucose: positive, negative. 
Shape: filamentous, irregular, oval, puntiform, round. Sucrose: positive, negative. -- 
Elevation: beveled, convex, effuse, flat, papillate, pulvin- Xylose: positive, negative. -- 

Citrate : positivg, negative. ;Lcra ate, raised, rugose, umbonate. 

2#4& 
NH,' AS SOLE NITROGEN SOURCE: m, Topography: contoured, rough, smooth, striated, wrinkled. 

Habit: compact, spreading. negative. - 
Microscopic (1OOx) 

Margin: Ciliate, cleft, crenate, entire, erose, granular, 

Internal structure: amorphous, dense, filamentous, granu- 

REDUCTIONS : 
lobed, rhizoid, undulate. 

lar (fine, coarse), interlaced, striated. 
Nitrate: NOz--, NH*+- gas- negative. 
MethyIene blue: positive, negative. 

\7. 

Optical properties Selenite: positive, negative. 
Appearance by reflected light: dull, fluorescent, glisten- Tellurite: positive, negative. 

ing, iridescent, opalescent. - 
Appearance by transmitted light: opaque, translucent, 

transparent. OXIDATIVE-FERMENTATIVE REACTIONS 
Medium: blackened, blued, browned, grayed, greened, 

Chromogenesis : 

Trypticase soy agar 

yellowed, unchanged. 

(medium) ( color) (CHM No.) 

-TQ +clswf 
- CPraw I'kca 

NUTRIENT BROTH: age --'L4A. 
Amount of growth: abundant, m u ,  scant. 
Surface growth: n- flocculent, meit, (i tnous, pellicle, ring. 
Subsurface growth: none, granular, e. 

- 

Glucose: acid_), alkaline-, neutral, gas. 
Sucrose: acid&, alkaline-, neutral, gas. 
Lactose: acid&, alkaline-, neutral, gas. 
Xylose : acid*, alkaline-, neutral, gas. 
Mannitol: acid*, alkaline, neutral, gas. 
- 

HYDROLYSIS : 
Gelatin: positice, negative. 
Casein: p-e, negative. 
Fat: positive, negative. 
Starch: m, negative. ~ t b L  

Cellulose: positive, negative. 
Urea: positive, negative. 

TOLERANCES : 
GELATIN STAB: age -21p&. Salt: &%-positive, negative. --5..Ba. 

Liquefaction: none, infundibuliform, napiform, 7%-positive, nepatiue. 

Rate: fast, moderate, &w. pH: acid alkaline---. 
saccate, stratiform. 10%-positiue, negative. 

OTHER GROWTH CHARACTERISTICS: LITMUS MILK REACTIONS: 
Soybean infusion agar: Reaction: acid, alkaline, n-1. 

Curd: acid, aRaline, gas. 
Peptionization: positive, negative. 

Q. mhh Reduction: positive, -. 

OTHER REACTIONS: 
HZS from __.- ---: positive, 

* 3. NH,+ from peptone: positive, negative. 

Indol: positive, negative. 

% t r \ o e w .  negative. 

DNA Acetylmethylcarbinol: positive, negative. 
G:C - ____. - 

G+C ___. - moles % Methyl red: positice, negatioe. 

' I  
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OREGON STATE UNIVERSITY 
DEPARTMENT OF MICROBIOLOGY 

(JPL-NASA) 

Descriptive Chart 

(code number) ( source 1 

Baoillus meRaterium. 28'e'. W .  Bo Bollen 
(name of organism) (temperature) (studied by) 

~ 

I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 

MORPHOLOGY: 
Form: & e&- 

filaments, cocci, spirals, 
branching 

Size: average - 1.06 X 3-05 

Irregular forms: 

GRAM REACTION: 

range -0.Qb - 1.20 x a.30 - 3.00~. 
NIGROSIN2 

18 hrs:lOO% -8T\JE. 
24 hrs: 1 0 0 %  C1DSitiJh . 
48 hrs: 106 o(0 W t T i \ I C .  

PASTEURIZATION SURVIVAL (85"C, 10 minutes): ~ I T t ~ C .  

Sporangia: none, r d s ,  spindles, elliptical, clavate, drumstick. 
Endospores: swollen, not swollen,. 

Position: central to excentric, terminal, 
Shape: spherical, cylindrical, oval. 
size: average - 1.W K I.9"). 

r a n g e - O . q y -  \.a3 K 1-3F- LL.18P. 

MOTILITY: age J DA . fK~s,rcJ€. SPORE : 
Flagella: 

18; 24; 48 hr, GMM: OTHER STAINS: 
Acid fast: 

, 



11. CULTURAL CHARACTERISTICS 

AGAR STROKE: age A. 
Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, g&&&&, eguse, filiform, rhiz- 

Consistency: adherent, brittle, butyrous, membranous, moist, 

AGAR COLONIES: age - 1 - M .  

oid, spreading. 

slimy, SA tough, viscid, waxy. 

Macroscopic 
size: Lc mm. 
Shape: filamentous, irregular, oual, puntiform, e. 
Elevation: beveled, convex, effuse, flat, papillate, puluin- 

Topography: @toure$ rough, smooth, striated, wrinkled. 
Habit: compact, spreading. 

ate, r u ,  rugose, umbonute. 

Microscopic (1OOx) 
Margin: Ciliate, ck& crenate, entire, erose, granular, 

Internal structure : amorphous, dense, filamentous, -- lobed, rhizoid, undulate. 

(& course), interlaced, striated. 
Optical properties 

Appearance by reflected light: dull, fluorescent, &&- 
&g, iridescent, opalescent. 

Appearance by transmitted light: ovczqu5 translucent, 

Medium: blackened, blued, browned, grayed, greened, 

Chromogenesis : 

transparent. 

yellowed, unchanged. 

(medium) ( color ) (CHM No.) 
Trypticase soy agar c REAM h a  
Potato slant c\lorJcc 

A59AA 
111. PHYSIOLOGICAL CHARACTENSTICS 

RELATIONSHIP TO 02: gerobicz anaerobic, facultative, micro- 

CATALASE : positive, negative. 

aerophilic. 

TEMPERATURE RELATIONSHIPS: age -3. 
Growth at 9 1 ) " C . A  20°C. A 2 8 " C . L  37"& 

45"C.*, 5 5 " C . A .  

SOLE CARBON SOURCE: age 3 04. 

NUTRIENT BROTH: age --h. 
Amount of growth: abundant, moderate, scant. 
Surface growth: flocculent, membranous, pellicle, ring. 
Subsurface growth: none, p a n u k t  turbid. 
Sediment: none, compact, flaky, fioccuk@ gTanUkZ?', viscid. 
Odor: resembling -L. 

GELATIN STAB: age L O A .  
Liquefaction: none, * , infundibuliform, napiform, 

saccate, stratiform. 
Rate: f a t ,  moderate, & 

OTHER GROWTH CHARACTERISTICS : 
Soybean infusion agar: NO G@ WTH . 
Fat agar: 
Glucose-nitrate agar: rJ0 6120GW. 
GLUCOC(~-MUTR~CNF ~QA(L'. SC~NT. 

bNReR06G NITRATE B a a ' .  UO G&. 
blu-rwcur m o * ,  m 0 5 w z f i ~ .  

ANAEmeL -E: Beuw.s~\chuf m v r \ O f  negative. 
PH b.6. NHI' from peptone: negative. 

Acetylmethylcarbinol: positive, -. 
Indol: positive, negative. 

DNA 
G:C - 
G+C ____- moles % Methyl red: Dositive. negative. 

Glucose: positive, negative. 
Sucrose: Q&& negative. 
Xylose: negative. 
Citrate : negat iue. 
NH,' AS SOLE NITROGEN SOURCE: posbttie, 

Lnrrnrfi : POS:TILJ~; . 
M A N U J ~ L ;  PCIESfroe. 

Nitrate: NO2-*, NHa+__, gas-, negative. 
Methylene blue: positive, -. 
Selenite: positive, negative. 
Tellurite: positive, negative. 

negative. 

REDUCTIONS : 

- 

OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose : acid& alkaline-, neutral, gas. 
Sucrose: acid&, alkaline, neutral, gas. 
Lactose: acid*, alkaline-, neutral, gas. 
Xylose: acid*, alkaline-, neutral, gas. 
Mannitol: acid*, alkaline, neutral, gas. 
- 

HYDROLYSIS : 
Gelatin: positiue, negative. 
Casein: positive, negative. 
Fat: positiue, negative. 
Starch: positive, negative. 
Cellulose: positive, negative. 
Urea: positive, negative. 

TOLERANCES : 
Salt: 2%-positive, negatice. 

7%- negative. 
lO%-positive, negative. 

pH: acid--, alkaline 

LITMUS MILK REACTIONS: 
Reaction: acid, alkaline, fl_eutral. 
Curd: acid, alkaline, k t ,  gas. 
Peptionization: positive, negative. 
Rediiction: positive, negative. 

OTHER REACTIONS: 
H2S from positive, 
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DEPARTMENT OF MICROBIOLOGY 
( JPL-NASA) 

Descriptive Chart 

Trvptlcase Soy Aaar Chile Atacama Desert 
(medium) ( source ) 

260Ab 
(code number) 

28'6. W. B. Bollen Bacillus 
(name of organism) ( temperature) (studied by) 

~ 

I .  STAINING d7 MORPHOLOGICAL 
CHARACTERISTICS 

MORPHOLOGY: 
Form: & ends-, 

fikments, cocci, spirals, 
branching 

size: average - 0.98 x 3.50p- 

Irregular forms: 
r a n g e - 0  .q3- 1.03 x 1.93 - 

NIGROSIN : 
GRAM REACTION: 

18 hrs: fOO% m l T \ v E :  
24 hrs: fOO % 005lT\L&. . 
48 hrs: 400 9b f%tT\rJE. 

PASTEURIZATION SURVIVAL (85"C, 10 minutes): f&l-fbS€. 
Sporangia: none, rods, spindles, elliptical, cluuate, drumstick. 
Endospores: swollen, pot swolkn,. 

Shape: spherical, ellipsoidal, cylindrical, oval. 
size: average - 0.90 % l.4qp 

Position: central to excentric, terminal, subterminal. 

range -0.81- 6.99 x i .42  - I.3b p. SPORE : 

MOTILITY: age a. NEWT\%. 
Flagella: 

OTHER STAINS: 18; 24; 48 hr. GRAM:. 
Acid fast: 



II. CULTURAL CHARACTERISTICS 

AGAFi STROKE: age -3. 
Amount of growth: gbundant, moderate, scant. 
Form: aborescent, beaded, echinulate, effuse, filiform, rhiz- 

Consistency: adherent, brittle, butyrous, membranous, moist, 

AGAR COLONIES: age A. 

oid, spreading. 

slimy, spft, tough, viscid, waxy. 

Macroscopic 
size: A m .  
Shape: filamentous, irregular> oval, puntiform, d. 
Elevation: beveled, convex, efiuse, Rat, papillate, pulvin- 

Topography: contoured, roughpmooth, striated, wrinkled. 
Habit: comuact, spreading. 

Margin: Ciliate, cleft, crenate, e erose, granular, 

Internal structure: amorphous, dense, flumentous, granu- 

ate, raised, rugose, umbonate. 

Microscopic (1OOx) 

lobed, rhizoid, undulate. 

lar (fine, coarse), & , & A d ,  striated. 
Optical properties 

Appearance by reflected light: dull, fluorescent, &- 
Appearance by transmitted light: opaque, jranslucent, 

Medium: blackened, blued, browned, grayed, greened, 

Chromogenesis : 

Trypticase soy agar LT. W n e r ) ~  

Potato slant RUSQ W G  

a&, iridescent, opalescent. 

transparent. 

yellowed, unchanged. 

(medium) ( color ) (CHM No.) 

- 
- 

NUTRIENT BROTH: age    LO&. 
Amount of growth: abundant, moderate, s z t .  

Surface growth: n t ,  flocculent, membranous, pellicle, ring. 
Subsurface growth: none. granular, turbid. 
Sediment: none, compact, & flocculent, granular, viscid. 
Odor: resembling *aNQ 

GELATIN STAB : age -8. 
Liquefaction: none, crateriform, infundibuliform, napiform, 

saccate, stratiform. 
Rate: fast, m a %  slow. 

OTHER GROWTH CHARACTERISTICS: 
Soybean infusion agar: e U t Q C L t W .  
Fat agar: 
Glucose-nitrate agar: SCANT. 
GUPC~~C:.NUTUISNT AGAR'. GOOD. 
@hcrnltw AGAR'. FAIR. 

&AS III. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO 02: aerobic, a m o b i c ,  facultative, micro- 

CATALASE: p o s i t i a  negative. 

aerophilic. 

TEMPERATURE RELATIONSHIPS : age 3. 
Growth at%$%.& 20°C. 2SoC.2k, 37"& 

4 5 " C . L  55°C.'. 

SOLE CARBON SOURCE: 
Glucose: positive, negative. 
Sucrose: -e, negatiue. 
Xylose: -e, negative. 
Citrzte: positive, negative. 
NHt' AS SOLE NITROGEN SOURCE: positive, 

M A N &  t l o ~  : WaVtQG. 

Nitrate: NOz-- NHa'-, gas-, negatiue. 
Methylene blue: positive? negative. 
Selenite: positive, negative. 
Tellurite: positiue, negative. 

negative. 
hAlrror : ePsrrN€ . 

REDUCTIONS : 

- 

OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid& alkaline-, neutral, gas. 
Sucrose: a c i d s ,  alkaline-, neutral, gas. 
Lactose: acid-, alkaline-, neutral, gas. 
Xylose: acid*, alkaline-, neutral, gas. 
Mannitol: acid*, alkaline, neutral, gas. 
- 

HYDROLYSIS : 
Gelatin: positive, negative. 
Casein: p-g negative. 
Fat: positiue, rgg&,& 
Starch: positive, negative. 
Cellulose: positive, negative. 
Urca: positive, negative. 

TOLERANCES : 
Salt: 2%-positive, negatioe. 

7%-positiue, negative. 
lO%-positive, negative. 

pH: acid -----.--) alkaline-.-. 

LITMUS MILK REACTIONS:. 
Reaction: acid, glkaline, neutral. 
Curd: acid, alkaline, &g&, gas. 
Peptionization: positive, negative. 
Reduction: positive, negative. 

OTHER REACTIONS: 
H2S from .- _____--_: positive, 

NHI+ from peptone: positive, negative. 

kN&EROBIC tu\rm+rc Born: ND &\AS. 
~ N A ~ ~ : R o B G  GLUC.OWL BROW- GQoum. QH #-2. negatiue. 

DNA Acetylmethylcarbinol: positive, negativej 
G:C _--____-- Indol: positive, n m .  
G+C moles % Methyl red: positioe, negative, 

..r* 
As!m. 
13. 
1s m. 
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OREGON STATE UNIVERSITY 
DEPARTMENT OF MICROBIOLOGY 

(JPL-NASA) 

Descriptive Chart 

260M Trgptic ase Sav A&? ar Chile Atacama %sert 
(code number) (medium) (source) 

PRoC- - W - H ,  
( temperature) (studied by) 

I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 

MORPHOLOGY: 
Form: rods, - ends.-, 

filaments, cocci, spirals, 
branching 

Size: average - 1.09 K 3.50t~. 

Irregular forms: 
range -1.a-t.iB Y 2.38- J. 9. 

NIGROSIN : 
GRAM REACTION: 

18 hrs: t a r %  -1- 

24 hrs: 1 0 0  % k%r\VE.  
48 hrs: I O O ~ / O  ~ ~ R W B .  

PASTEURIZATION SURVIVAL (85"C, 10 minutes): f&InJ&. 
Sporangia: none, rods, spindles, elliptical, clavate, drumstick. 
Endospores: swollen, not swollen,. 

Shape: spherical, ellivsoidal, cylindrical, oval. 
Position: central to excentric, terminal, subterminal. 

size: average - 0.8.1 K \ + 5 + ~ .  SPORE : 
range --Om-0.90 x 1.23-LB5y. 

MOTILITY: age &Q&+L-. . N f f i A T  I V f  
Flagella: 

OTHER STAINS: 
Acid fast: 18; 24; 48hr. GRAM: 

J 



11. CULTURAL CHARACTERISTICS 

AGAR STROKE: age --. 
Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, echinulate, effuse, filiform, rhiz- 

Consistency: adherent, brittle, butyrous, membranous, moist, 
oid, spreading. 

slimy, soft, tough, v w ,  waxy. 

AGAR COLONIES: age 4. 
Macroscopic 

Size: 2 mm. 
Shape: filamentous, irregular, oval, puntiform, r& 
Elevation: beveled, convex, effuse, jlat, papillate, pulvin- 

Topography: contmired, rough, smooth, striated, wrinkled. 
Habit: compact, spreading. 

Margin: Ciliate, cleft, crenate, e- erose, granular, 

ate, raised, r u g o s m o n a t e .  

Microscopic (100~) 

lobed, rhizoid, undulate. 
Internal structure: amorphous, dense, filamentous,glanu- 

lar (&, coarse), interlaced, striated. 
Optical properties 

36080. 
111. PHYSIOLOGICAL CHARACTERISTICS 

RELATIONSHIP TO 02: d e ,  anaerobic, facultative, micro- 

CATALASE: positive, negative. 

aerophilic. 

TEMPERATURE RELATIONSHIPS: age -3a. 
Growth at %C.& 20°C. L, 28"C.$-, 37"& 

SOLE CARBON SOURCE: age 1. 
Glucose: positice, negative. r_oa. 
Sucrose: positive, negative. 3- 
Xylose: positive, negative. &.a%. 
Citrate: riegative. Etas* 

+ 45"C.&, 55"C.--. 

I 8 &  
MANW~~L-.  ~ ~ T I L Y .  I aA. 

NH,' AS SOLE NITROGEN SOURCE: positive, - ne Wive  
L n C h  i fbStTIU6. + 04. 

REDUCTIONS : 
Nitrate: N02--, NHa+--, gas-, negative. w. 

-3aL 

Appearance by reflected light: dull; fluorescent, 

Appearance by transmitted light: opaque, translucent, 
ing, iridescent, opalescent. 

transparent. 

- 
Medium: blackened, blued, browned, grayed, greened, 

Chromogenesis: 
yellowed, unchanged. 

(medium) (color) (CHM No.) 
Trypticase soy agar LT. rVORV a m  
Potato slant PEARL PI N~G 3ca 

NUTRIENT BROTH: age -- !4 DA.. 
Amount of growth: abundant, moderate, scant. 
Surface growth: flocculent, membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid. SrKhHT 
Sediment: none, compact, fluky, flocculent, granular, viscid. 
Odor: resembling -@!2mc 

GELATIN STAB : age L a .  
Liquefaction: none, crateriform, infundibulifoq, napiform, 

saccate, stratiform. 
Rate: && moderate, slow. 

OTHER GROWTH CHARACTERISTICS : 
Soybean infusion agar: EXGkLLC W. 
Fat agar: 

ucose-nitrate agar: 9 - a .  
U K s G *  NuTQICmrr U P R  : &uflsU€NT. N LLTR~ELUV AW+Q :.ma*-= . 

A N A E Q O ~ C  Nrf&u%~E 8- : No 4hS. 
ANE-PIC 6LUCEG m W * - G m .  QH $*2. negative. 

NHI+ from peptone: positive, negative. 

Indol: x)o-'+',.- u. ativ 
Meth; 1 leu. positive, ne.gptive. 

DNA Acetylmethylcarbinol: positive, negative. 

G:C - _  
moles X G+C __ 

- 
Methylene blue: positive, negative. 
Selenite: positive, negative. 
Tellurite: positive, negative. 
- 

OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: a c i d f ,  alkaline-, neutral, gas. 
Sucrose: acid&, alkaline-, neutral, gas. 
Lactose: acid-, alkaline-, s a l ,  gas. 
Xylose: acid-, alkaline-, n e z l ,  gas. 
Mannitol: acid&, alkaline, neutral, gas. 
- 

HYDROLYSIS : 
Gelatin: positiz;e, negative. 
Casein: positive? negative. 
Fat: positive, negative. 
Starch: positiue, negative. 
Cellulose: positive, negative. 
Urea: positive, negative. 

TOLERANCES : 
Salt: 2%-2ositive, negafice. 

7%-positive, negative. 
10%-positiue, negative. 

pH: acid--, alkaline 

LITMUS MILK REACTIONS: 
Reaction: acid, alkaline, neutral. 
Curd: acid, alkaline, h t ,  gas. 
Peptionization: positiye, negative. 
Reduction: positive, negative. 

OTHER REACTIONS: 
H2S from --: positive, 
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OREGON STATE UNIVERSITY 
DEPARTMENT OF MICROBIOLOGY 

(JPL-NASA) 

escriptive 

l%3#&b Sop &a r Chile Atacama Desert 
(code number) (medium) ( source ) 

28oC W.B. Ballen 
( temperature) (studied by) 

~ 

I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 

MORPHOLOGY: 
Form: r& ends 

filaments, cocci, spirals, 
brunching 

size: average - 1-93 Y ' I .3*1~. 
Tange -1.38 \.qB L s-Bo- 5-39 v. 

Irregular forms: NIGROSIN: 
GRAM REACTION: 

18 hrs: 100 O h  f%3sIt s \ 1 € .  
24 hrs: 100 % P&\Y\VG # 

48 hrs: 1 0 ~ ~ ~  

PASTEURIZATION SURVIVAL (WC, 10 minutes) : P o r t r  WE. 
Sporangia: none, rods, @adles ,  elliptical, clavate, drumstick. 
Endospores: ~ - - 7 7  Z I  .3 no€ swollen 7 .  

Shape: spherical, $lipsoidal, cylindrical, p a l .  
size: average - L2+ x r . 9 5 ~  

Position: central to excentric, terminal, subterminal. 

SPORE: range -1*!4 .. i.32 tc 1.74 - 3 ./$p. 

MOTILITY: age fL. NE&Ar\uE. 
Flagella: 

OTHER STAINS: 

18; 24; hr. CRAM: 



11. CULTURAL CHARACTERISTICS 

AGAR STROKE: age 3. 
b o u n t  of growth: gbundant, moderate, scant. 
Form: aborescent, beaded, echinulate, effuse, p formi  rhiz- 

oid, spreading. 
Consistency: adherent, brittle, butyrous, membranous, r,@& 

AGAR COLONIES : age --LOA--. 

slimy, soft, tough, uiscid, waxy. 

Macroscopic 
size: L m m .  
Shape: filamentous, irregular, oual, puntiform, round. 
Elevation: beueled, conuex, &use, pat, papillate, pulvin- 

Topography: contoured, rough, smooth, striated, wrinkled. 
Habit: compact, spreading. 

ate, e d ,  rugose, umbonate. 

Microscopic (loox) 
Margin: Ciliate, cleft, crenate, &e, erose, granular, 

lobed, rhizoid, undulate. 
Internal structure: amorphous, dense, filamentous,pranu- 

k r  (fine, c-), interlaced, striated. 
Optical properties 

Appearance by reflected light: && fluorescent, glisten- 
ing, iridescent, opalescent. 

Appearance by transmitted light: opaque, translucent, 
transparent. 

Medium: blackened, blued, browned, grayed, greened, 

Chromogenesis : 
yellowed, unchanged. 

(medium) ( color ) (CHM No.) 
Trypticase soy agar h R L  3- 
Potato slant Zvonv a h  
- 

NUTRIENT BROTH: age -!LOA--. 
Amount of growth: abundant, mode&, scant. 
Surface growth: none, flocculent, membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, ~ k y ,  flocculent, granular, e 
Odor: resembling - -L. 

GELATIN STAB: age 3-. 
Liquefaction: none, crateriform, infundibuliform, napiform, 

L r  saccate, stratiform. 
Rate: fast, moderate, slow 

OTHER GROWTH CHARACTERISTICS : 
soybean infusion agar: EXG~LLEUT 
Fat agar: 
Glucose-nitrate agar: MOQEWWE 
CLULA)SE*NLC-\QPAT nhAQ Eu-w. 
MUTQ~E;NT MAP. : GWO. 

266Ab 
111. PHYSIOLOGICAL CHARACTERISTICS 

Glucose: positive, negatiue. 
Sucrose: p-e, negatiue. 
Xylose: positiue, negatiue. 
Citrate: p-e, negative. 
NH,' AS SOLE NITROGEN SOURCE: positiue, 

negative. 
LACT€i?rC: : bswwe . 
MANNITOL: F h b B T b J a .  

REDUCTIONS: 
Nitrate: NO*--, NH*+-, gas-, neeative. 
Methylene blue: positive, negatiue. 
Selenite: positiue, negative. 
Tellurite: positice, negatiue. 
- 

RELATIONSHIP TO Oz: aerobic, anaerobic, facultatiue, micro- 

CATALASE: poSitiue& negative. 

aerophilic. 

TEMPERATURE RELATIONSHIPS: age. A. 
Growth at  w C . t ,  20°C. L, 2 8 " C . L  3 7 " z  

4 5 " C . t .  55"C.-I-. bS0C. 4- . 
SOLE CARBON SOURCE: age 

OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid>, alkaline-, neutral, gas. 
Sucrose: acid*, alkaline-, neutral, gas. 
Lactose: acid&, alkaline-, neutral, gas. 
Xylose: acid*, alkaline-, neutral, gas. 
Mannitol: acid?, alkaline, neutral, gas. 
- 

HYDROLYSIS : 
Gelatin: positice, negatiue. 
Casein: OOsitiIre, negative. 
Fat: positive, negatiue. 
Starch: gositive, negatiue. 
Cellulose: positive, negatiue. 
Urea: positive, negative. 

TOLERANCES : 
Salt: 2%-, negatiue. 

7%-positiuer negative. 
lO%-positiue. negutiue. 

pH: acid----., alkaline---. 

~ I T M U S  MILK REACTIONS : 
Reaction: acid, alkaline, neutral. 
Curd: acid, alkaline, W t ,  gas. 
Peptionization: -, negative. 
Reduction: positiue, negatiue. 

_II 

OTHER REACTIONS: 
h b ~ : m + t  FQDM NITILATL BPDW.NE~C~~~E.H,S from ______.__ -: positive, 
~ N ~ t ~ Q \ C b ~ T L I  PRQM &l= B e p ~ ' .  negative. 

NH,' from peptone: positiue, negatiue. 
Acetylmethylcarbinol: positiue, 
Indol: positive, negative. 
Methyl red: positiue, negatice. 

oomrr\ue . pb! 7.6. 
DNA 

G:C -. __ . __ 
G+C - - - __ - moles % 
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DEPARTMENT OF MICROBIOLOGY 
(JPL-NASA) 

Descriptive Chart 

27qAb Tmgticase Say A m r  Chile Ataoama Desert 
(code number) (medium) ( S O W C e )  

W.B. B a m n  28oC 
(name of organism) ( temperature) (studied by) 

I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 

MORPHOLOGY: 
Form: & ends-, 

filaments, cocci, spirals, 
branching - 

Size: average - O.bq Y %.32p. 

Irregular forms: 
range -0.W - 0.78 x 1-99 -2.85p. 

NI GROS IN : 

PASTEURIZATION SURVIVAL (85"C, 10 minutes) :&flIdE . 
Sporangia: none, E&, spindles, elliptical, cluuate, drumstick. 
Endospores: swollen, not swollen,. 

Shape: spherical, ellipsoidal, cylindrical, oval. 
size: average - 8.04 % 2 - l O Y -  

Position: central to excentric, terminal, subterminal. 

range -0.91 \,33 X !*bq -2 .12 .y .  

MOTILITY: age I.. QoS \'\DE., 
Flagella: 

SPORE : 
OTHER STAINS : 

18; 24; 48 hr. GRAM: 



2+9Aa 
11. CULTURAL CHARACTERISTICS 111. PHYSIOLOGICAL CHARACTERISTICS - 

age 3 m. . RELATIONSHIP TO 02: aerobic, anaerobic, fu&ative, micro- 
aerophilic. AGAR STROKE: 

Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, effuse, @form, rhiz- CATALASE : =e, negative. 

Growth at W C . Z  20°C. A, 2 8 " C A ,  3 7 " A  

oid, spreading. 

slimy, soft, & viscid, w a y .  
Consistency: adherent, membranous, moist, TEMPERATURE RELATIONSHIPS: age -A- 

AGAR COLONIES: age -. 
Macroscopic 

size: L i m n .  
Shape: filamentous, irregular, oval, puntiform, 5. 
Elevation: beveled, g g g q  effuse> flat, papillate, pulvin- 

Topography: contoured, rough,-h, striated, wrinkled. 
ate, raised, rugose, u m  onate. 

Margin: Ciliate, cleft, crenate, entire, erose, granular, 
lobed, rhizoid, undulate. 

Internal structure: amorphous, dense, filamentous, g ~ -  
lar (fine, coarse), interlaced, striated. 
C I -  

Optical properties - 
Appearance by reflected light: dull, fluorescent, &- 

ing, iridescent, opalescent. 
Appearance by transmitted light: opaque, &msluce& 

transparent. 
Medium: blackened, blued, browned, grayed, greened, 

yellowed, unchanged. 
Chromogenesis : 

(medium) ( color ) 
Trypticase soy agar c p m ~  
potato slant LT TAU 

- 

- 

NUTRIENT BKOTH: age rl&. 
Amount of growth: abundant, moderate, scant. 
Surface growth: none, flocculent, membranous, p-e, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, & ficculent, granular, viscid. 
Odor: resembling -. 

GELATIN STAB: age A. 
Liquefaction: none, crateriform, infundibuliform, napiform, 

saccate, stratiform. 
Rate: &, moderate, slow. 

4 5 " C . A ,  55"C.2- .  

SOLE CARBON SOURCE: age __ 
Glucose: positive, negative. 

Citrate: PosiLivS negative. 
NH,' AS SOLE NITROGEN SOURCE: p-e, 

ne uti e 
LAC+& : ~ ~ W W L .  
MANN LTDL: ~ ~ s ~ T \ o L .  

REDUCTIONS : 
Nitrate: NO2-&-, NHa+- gas& 
Methylene blue: positive, negative. 
Selenite: positive, negative. 
Tellurite: positive, negatiue. 
- 

negative. 

OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid& alkaline-, neutral, gas. 
Sucrose: acid+, alkaline-, neutral, gas. 
Lactose: acid*, alkaline-, neutral, gas. 
Xylose : acid&, alkaline-, neutral, gas. 
Mannitol: acid-, alkaline, neutral, gas. 
- 

HYDROLYSIS : 
Gelatin: -e, negative. 
Casein: positive, negatice. 
Fat: positive, negutive. 
Starch: m e ,  negative. 
Cellulose: positive, negative. 
Urca: positive, negative. 

TOLERANCES : 
Salt: 2 X - m .  negatice. 

7%-positive, negative. 
10%-positive, pegatiue. 

pH: acid--, alkaline- _. 

DNA 
G:C _________ 
G f C  - __ moles % 

LITMUS MILK REACTIONS: 
Reaction: acid, alkaline, n e d .  
Curd: acid, alkaline, absent, g~ 
Peptionization: positive, negative. 
Reduction: positiue, negative. - 

OTHER REACTIONS : 
HS from - -.-: positiue, 

NHI' from peptone: positive, negative. 
Acetylmethylcarbinol: -e, negative. 

Methyl red: positive, w. 

ph 5.0. negative. 

L 

l a  

I 

i 

i' 
. J  

g,;. 
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DEPARTMENT OF MICROBIOLOGY 
(JPL-NASA) 

Descriptive Chart 

256% pticase Soy Agar e A-v.+. 
(code number) (medium) (source ) 

B s i l l u e  subtilia 28Oe'. W. B. Bollen 
(name of organism ) ( temperature) (studied by) 

I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 

MORPHOLOGY: 
Form: rods, e&- 

filaments, cocci, spirals, 
branching 

Size: average - 6.W p X 3.5 f p .  

Irregular forms: 
range - 0.13 - 0 . ~ 4 ~  x r.82 -SaIp. 

GRAM REACTIO?: 
18 hrs: loo% POslTlVE. 

48 hrs: 1 0 0 %  P06ttive. 
24 hrs: 100% m t T i V € .  

PASTEURIZATION SURVIVAL (85"C, 10 minutes): POSITIV 8 .  
Sporangia: none, r& spindles, elliptical, clauate, drumstick. 
Endospores: swollen, not s w o k .  

Shape: spherical, ellipsoidal, cvlindrical, oual. 
size: average - 1.26 - 34s Y 

Position: central to excentric, terminal, subterminal. 

r a n g e - O . q % - 1 * 3 5  x I .5Y -2-8'lt~. 

MOTILITY: age A. p O S # r I U f  . 
Flagella: 

HTGROSIN: 

OTHER STAINS: 18; 24; 48 hr. GRAM: 
Acid fast: 

SPBHE: 



256 @ A  
11. CULTURAL CHARACTERISTICS 

AGAR STROKE: age L Q q .  
Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, &&,&&, effuse, jiliform, rhiz- 

Consistency: adherent, brittle, butyrous, membranous, moist, 

AGAR COLONIES: age J. 

oid, spreading. 

slimy, soft, tough, v&&, waxy. 

Macroscopic 
size: 3 m m .  
Shape: filamentous, irregular, oval, puntiform, round. 
Elevation: beveled, convex, effuse, fit, papillate, pulvin- 

Topography: wntoured, rough, smooth, striated, wrinkled. 
Habit: c-, spreading. 

Margin: Ciliate, cleft, crenate, entire, erose, granular, 

Internal structure: amorphous, dense, filamentous, m- 

ate, r d ,  rugose, umbonate. 

Microscopic (1OOx) 

1phed, rhizoid, undulate. 

k r  (fine, coarse), interlaced, striated. 
Optical properties 

Appearance by reflected light: dull, fluorescent, glisten- 

Appearance by transmitted light: opaque, translucent, 

Medium: b&kened, blued, browned, grayed, greened, 

Chromogenesis : 

ing, iridescent, opalescent. 

transparent. 

yellowed, unchaned. 

(medium) (color) (CHM No.) 
Trypticase soy agar YEILL~WT NT 1bcL 
Potato slant OATMEAL 2 ec 

NUTRIENT BROTH: age rl PB. 
Amount of growth: abundant, moderate, scant. 
Surface growth: none, flocculent, membranous, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, j?aky, flocculent, granular, viscid. 
Odor: resembling _. 

GELATIN STAB: age 3. 
Liquefaction: none, craferiform, infundibuliform, napiform, 

saccate, m. 
Rate: &t, moderate, slow. 

OTHER GROWTH CHARACTERISTICS : 
Soybean infusion agar: E X C U E N T .  
Fat agar: 
Glucose-nitrate agar: MoDFLQAT E . 
C u s s  -N~TFLIENT c~(~AcL e. E u u w .  
fhrcurrur ~ A Q :  E-uwr. 
F h f w ~ o ~ i t  a m :  NO Bas. 
~ R E . % B I *  G ~ u t o ~ e  BSOTU: NO CWWTH. 

DNA 
G:C __ 
G S C  moles % 

111. PHYSIOLOGICAL CHARACTERISTICS 

RELATIONSHIP TO Os: aerobic, anaerobic, facultative, micro- 

CATALASE: negative. 

TEMPERATURE RELATIONSHIPS: age L a .  
Growth at WC.& 20°C. & 28"C.-&.-, 37"& 

SOLE CARBON SOURCE: age A. 
Glucose: pgsitive. negative. P* 
Sucrose: positive, negative. -3L.Qa. 
Xylose: positive, negative. .3L€?a. 
Citrate: e, negative. I. 

aerophilic. 

4 5 " C . L  55"c.-. 

NH4' AS SOLE NITROGEN SOURCE: positivg, 
negative. 1.- 

REDUCTIONS: 
Nitrate: N O ~ - L ~ ,  NH~+-, gas-.- ,  negative. IDA. 
Methylene blue: positive, negative. 
Selenite: positive, negative. 
Tellurite: positive, negative. 
- 

OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid&, alkaline-, neutral, gas. 
Sucrose: acid*, a l k a l i n e ,  neutral, gas. 
Lactose : acid&, alkaline-, neutral, gas. 
Xylose: acid?, alkaline-, neutral, gas. 
Mannitol: acid&, alkaline, neutral, gas. 
- 

HYDROLYSIS : 
Gelatin: positive, negative. 
Casein: positive, negative. 
Fat: positive, negative. 
Starch: positive, negative. 
Cellulose: positive, negative. 
Urea: positive, negative. 

TOLERANCES: 
Salt: 2S-p-e, negative. 

7%-positive, negative. 
lOSpositive, negative. 

pH: acid- ,  alkaline--. 

LITMUS MILK REACTIONS: 
Reaction: acid, alkaline, neutral. 
Curd: acid, alkaline, a k t ,  gas. 
Peptionization: positive, negative. 
Reduction: positive, negative. 

OTHER REACTIONS: 

negative. 
H2S from : positive, 

NH,' from peptone: positive, negative. 
Acetylmethylcarbinol: positive, negative. 
Indoli positive, negative. 
Methyl red: positive, negative. 



OREGON STATE UNIVERSITY 
DEPARTMENT OF MICROBIOLOGY 

(JPL-NASA) 

Descriptive Chart 

- 260b Trypticsae Soy Agar 
(code number) (medium) (source ) 

- . i i $ z . e r -  380 c J- 
(name of organism) (temperature) (studied by) 

I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 

MORPHOLOGY: 
Form: - rods, ends-, 

filaments, cocci, spirals, 
branching 

Size: average - O-fQ K 2.qZ.Y - 
Irregular forms: 

GRAM REACTION: 

range -0 .& -0.82. % a.io -1 .35y.  
NIGROSIN : 

18 hrs: loo% PwITIVE. 
24 hrs: 1 0 0 %  *#TtUE * 

48 hrs: 100 % -Mt\/f-. 

PASTEURIZATION SURVIVAL (85"C, 10 minutes): &n?VC . 
Sporangia: none, & spindles, elliptical, clavate, drumstick. 
Endospores: swollen, n o t , .  

Shape: spherical, ellbsoidal, cylindrical, oval. 
size: average - D, 95 X d .  5 Y .  

Position: gentral to exce ntrk, terminal, subterminal. SPORE : 

r a n g e - 0 . 8 4 -  mii $ k 3 Q 4 , $ Y p  

MOTILITY: age a. NGWkTiJC. 
Flagella: 

OTHER STAINS: 
Acid fast: 18; 24; 48 hr. S?Jn.-: 



11. CULTURAL CHARACTERISTICS 

AGAR STROKE: age -3. 
Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, echinulate, effuse, filiform, rhiz- 

Consistency: adhcrent, brittle, butyrous, membranous, moist, 

AGAR COLONIES : age 1 q ~ .  

oid, spreading. 

slimy, s a t o u g h ,  viscid, waxy. 

Macroscopic 
size: L m m .  
Shape: filamentous, irregular, oval, puntiform, &. 
Elevation: beveled, convex, effuse, flat, papillate, pulvin- 

Topography: contoured, rough, smooth, striated, wrinkled. 
Habit: compact, spreading. 

Margin: Ciliate, cleft, crenate, entire, erose, granular, 

Internal structure: amorphous, dense, filamentous, a- 

ate, r-, rugose, umbonate. 

Microscopic (1OOx) 

lobed, rhizoid, undulate. 

lar (fine, coarse), interlaced, striated. 
Optical properties 

Appearance by reflected light: fluorescent, glisten- 
ing, iridescent, opalescent. 

Appearance by transmitted light: opaque, franslucent, 
transparent. 

Medium: blackened, blued, browned, grayed, greened, 
yellowed, rcnchaneed. 

Chromogenesis: 
(medium) ( color ) (CHM No.) 

Trypticase soy agar @ REAM I & c A  
Potato slant BLCICW Pcum 1 0  90 

NUTRIENT BROTH: age -.&.DEL. 
Amount of growth: abundant, moderate, scant. 
Surface growth: none, flocculent, membranous, pellicle, %. 
Subsurface growth: m e ,  granular, turbid. 
Sediment: none, compact, jlaky, flocculent, granular, viscid. 
Odor: resembling d l o d C  a .  

GELATIN STAB: age \a. 
Liquefaction: none, crateriform, infundibuliform, napiform, 

saccate, stratiform. 
Rate: &st- moderate, slow. 

OTHER GROWTH CHARACTERISTICS: 
Soybean infusion agar: E % C f i i t . ~ f ~ T .  
Fat agar: 
Glucose-nitrate agar: FAIR. 
c m . I u I c r Q l G n t r  m a :  ercrLLersr. 
NUTRm4lT =nu-. -D. 

NACtRDac NITRATF: BQDTH= h30 W.  
umm&-rwraiccur n6kR: 

&OAA 
111. PHYSIOLOGICAL CHARACTERISTICS 

RELATIONSHIP TO 02: perobic, anaerobic, facultative, micro- 
aerophilic. 

C.\TALASE: OoSttiye negative. 

TEMPERATURE RELATIONSHIPS: age --.-...&On. 
Growth at 9 q C . A  20°C. 2&-, 28°C.- 3 7 " A  

SOLE CARBON SOURCE: age 3. 
45" c.+, 55 - c.+-. 

Glucose: positive, negative. 
Sucrose: positive, negative. 
Xylose: positive, negative. 
Citrate: positive, negative. 
NH,' AS SOLE NITROGEN SOURCE: positive, 

MANNITOL: ooEir:u€. 
ncgative. 

k - c :  POSlrrJE . 
REDUCTIONS : 

Nitrate: NO,-&, NHa+- gas- negative 
Methylene blue: vositive, negative. 
Selenite: positive, negative. 
Tellurite: positive, negative. 
- 

OSIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid*, alkaline-, neutral, gas. 
Sucrose: a c i d i ,  alkaline-, neutral, gas. 
Lactose: a c i d i ,  alkaline- neutral, gas. 
Xylose: acid&, alkaline-, neutral, gas. 
Mannitol: a c i d l ,  alkaline, neutral, gas. 
- 

HYDROLYSIS : 
Gelatin: positive, negative. 
Casein: positive, negative. 
Fat: positive, weativg. 
Starch: positive, negative. 
Cellulose: positive, negative. 
Urea: positive, negative. 

TOLERANCES : 
Salt: 2%-positive, negative. 

7 % - e e ,  negative. 
lO%-&positive, negative. 

pH: acid_.--, alkaline 

LITMUS MILK REA4CTIONS: 
Reaction: acld, plkaline, neutral. 
Curd: acid, alkaline, a k t ,  gas. 
Peptionization: positive, negative. 
Reduction : positive,negative. 

OTHER REACTIONS: 
H,S from ~~- -: positive, 

negatice. 
NH,' from peptone: positive, negative. &NAEROBC Bc~oTt4: CnaUMI ?W b.0. 

DNA Acetylmethylcarbinol: positive, negative. 
G:C _--____-- 
G S C  - .__- moles % 

Indol: positive, -. 
Methyl red: positive, negatice. 
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260Ee Tsvpt icase Sop Agar Chile Atacama Desert 
(code number) ( medium ) (SOUrCe) 

280 0 
(name of organism) (temperature) 

Bacillus _subtills v ar. niper .  W. R. RaUen 
(studied by) 

I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 

MORPHOLOGY: 
F O ~ :  rods, ends-, - 

filaments, cocci, spirals, 
branching 

size: auerage -0.90 1 2-08 y. 
range - 0.80- 1.09 x 1.12 - 3. blv. 

Irregular forms: NIGROSIN: 

GRAM REACTION: 
18 hrs: 100°L %S\T\Vk. 
24 hrs: 100% OLKrrtJC. 
48 hrs: IOL) sb b 5  WtUE.. 

PASTEURIZATION SURVIVAL (85"C, 10 minutes) : k r r \ U & .  
Sporangia: none, a, spindles, elliptical, clavate, drumstick. 
Endospores: swollen, not swollen,. 

Shape: spherical, &ivsoidal, cylindrical, oval. 
size: average - 0.8's x l.4qp. 

Position: central to excentric, terminal, subterminal. 

range -0 .h-  LO^ x \ ~ ~ - I . S S V .  

SPBfih:: 

MOTILITY: age -. P m t  ~JE. 
Flagella: 

18; 24; 48 hour GRAM: OTHER STAINS: 
Acid fast: 



11. CULTURAL CHARACTERISTICS 

AGAR STROKE: age A. 
Amount of growth: &undant, moderate, scant. 
Form: aborescent, beaded, echinulate, &use, filiform, rhiz- 

Consistency: adherent, brittle, butyrous, membranous, moist, 
oid, spreading. 

slimy, & tough, viscid, waxy. 

AGAR COLONIES : age a 
Macroscopic 

size: A mm. 
Shape: filamentous, irregular, o.cial, puntiform, round. 
Elevation: beveled, convex, efime, flat, papillate, pulvin- 

Topography: contoured, rough, smooth, striated, wrinkled. 
Habit: compact, spreading. 

Margin: Ciliate, cleft, crenate, entire, erose, granular, 

Internal structure: amorphous, dense, filamentous, g~anu- 

ate, &&, rugose, umbonate. 

Microscopic (1OOx) 

lobed, rhizoid, undulate. 

lar (e, coarse), interlaced, striated. - 
Optical properties 

Appearance by reflected light: dull, fluorescent, glisten- 

Appearance by transmitted light: opaque, translucent, 

Medium: blackened, blued, browned, grayed, greened, 

Chromogenesis : 

ing, iridescent, opalescent. - 
transparent. 

yellowed, unchanged. 

(medium) ( color ) (CHM No.) 
Trypticase soy agar PCA R L 3ba 
Potato slant B L X k  P W M  'O Po 

NUTRIENT BROTH: age --%wL. 
Amount of growth: abundant, moderate, scant. 
Surface growth: none, flocculent, membranous, pellicle, ring. 
Subsurface growth: m, granular, turbid. 
Sediment: none, compact, flaky, flocculent, granular, && 
Odor: resembling -.bJ--. 

GELATIN STAB: age -Am. 
Liquefaction: none, crateriform, infundibuliform, napiform, 

saccate, stratiform. 
Rate: fast, e, slow. 

OTHER GROWTH CHARACTERISTICS: 
Soybean infusion agar: e%C€LLGK1- .) 
Fat agar: 
Glucose-nitrate agar: F A I R .  

&lC&G NLtT'Qi E f4'T - A 6RQ *. E Xfm,.L&Nl-. 

TYROSING - NUTELH~ST &AQ: BLncK-  
NU~~~;LIE;N-T k A R :  CCOP 

111. PHYSIOLOGICAL CHARACTERISTIC P &= 
RELATIONSHIP TO 02: aerobic, anaerobic, facultative, micro- 

CATALASE : positive, negative. 

aerophilic. 

TEMPERATURE RELATIONSHIPS: age 3. 
Growth a t 9 6 " C . L  20°C. 2SoC.& 37"& 

4 5 " C . A  5 5 " C . f .  

SOLE CARBON SOURCE: age 3.. 
Glucose: positive, negative. 
Sucrose: positive, negative. 
Xylose: positive, negative. 
Citrate: -e, negative. 
NH,' AS SOLE NITROGEN SOURCE: positive, - negatiue. 
LAC!!4aSL : RYbbrrub. 
MANNI~OL: PEXWI-~V~~.  

REDUCTIONS : 
Nitrate: NO2-*, NHa+-, gas- negative. 
Methylene blue: positive, negative. 
Selenite: positive, negatiue. 
Tellurite: positive, negative. 
- 

OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid& alkaline-, neutral, gas. 
Sucrose: acid.*, alkaline-, neutral, gas. 
Lactose: acid-, alkaline-, M, gas. 
Xylose: acid+, alkaline-, neutral, gas. 
Mannitol: acid*, alkaline, neutral, gas. 
- 

HYDROLYSIS: 
Gelatin : negative. 
Casein: positive, negative. 
Fat: positive, -. 
Starch: positive, negative. 
Cellulose: positive, negative. 
Urea: posittve, negatise. 

TOLERANCES : 
Salt: 2%-positive, negatise. 

7%-positive, negative. 
10%-positive, negative. 

pH: acid _.___, alkaline--. 

LITMUS MILK REACTIONS: 
Reaction: acid, alkaline, neutral. 
Curd: acid, ulkaline, a t ,  gas. 
Peptionization: y&&, negative. 
Reduction: positioe, -. 

OTHER REACTIONS: 
H3S from positive, 

negutice. RNA€lbBIC NITRAT& 8 m ~ :  a G ~ S  
%W&RDBK. CucOY% BROW ; G ~ Z ~ X ~ H .  QH be. NHI+ from peptone: positive, negative. 

DNA Acetylmethylcarbinol: positive, negative. 
G:C Indol: positioe, negative. 
G+C _____I_.-- moles % hlethyl red: positive, negative. 
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26- t: 
( code number ) m- (source) 

280C 
(name of organism) ( temperature) (studied by) 

I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 

MORPHOLOGY: 
F O ~ :  &, ends-, 

filaments, cocci, spirals, 
branching 

size: average - le35 X 3 . d ~ .  

Irregular forms: 
range - 1.3.2 .. \.qb X 2.511 -4- 04 Y, 

NIGROSIN: 
GRAM REACTION: 

18 hrs:\OO% PosIT\VE. 
24 hrs: 1 0 0 %  W i t t V E  
48 hrs: lOo% Qo5rrN@. 

PASTEURIZATION SURVIVAL (85"C, 10 minutes) :bS;\TNE 
Sporangia: none, rods, pindles, elliptical, clavate, drumstick. 
Endospores: not swollen,. 

Shape: spherical, ellipsoidal, cylindrical, oval. 
size: average - 1.11 

Position: central to excentric, terminal, subterminal. 

x 1 .38~.  
range -1.0b-1.3L) X I.L)Z. - 2 . u ~ .  

MOTILITY: age 1.. NWTNE. 
Flagella: 

OTHER STAINS : 

SPORE: 

* Physiologicslly resembles t h i s  species, el thou@ isolant is l n d o l  



11. CULTURAL CHARACTERISTICS 

AGAR STROKE: age A s - .  

Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, echinulate, effuse, filiform, rhiz- 

oid, spreading. 
Consistency: adherent, brittle, butyrous, membranous, 

slimy, soft, tough, viscid, waxy. 

AGAR COLONIES : age ADA.. 
Macroscopic 

size: _3_-mm. 
Shape: filamentous, irregular, oval, puntiform, w. 
Elevation: beueled, convex, effuse, flat, papillate, pulcin- 

Topograghy : contoured, rough, smooth, striated, wrinkled. 
Habit: compact, spreading. 

Margin: Ciliate, cleft, crenate, e a  erose, granular, 

ate, &, rugose, umbonate. 

Microscopic (1OOx) 

lobed, rhizoid, undulate. 
Internal structure: amorphous, dense, filamentous, e- - lar (&, coarse), interlaced, striated. 

ZbbCLa ' 
111. PHYSIOLOGICAL CHARACTERISTICS - 

RELATIONSHIP TO 02: gerobic, anaerobic, facultatiue, micro- 
aerophilic. 

CATALASE: positiue, negatiue. 

. TEMPERATURE RELATIONSHIPS: age -,"I%. 
Growth at SbC.*, 20°C. j~...., 2 8 " C . c ,  37"3?.,.., 

4 5 " C . C ,  55"C.A.L. 

SOLE CARBON SOURCE: age 
Glucose: uositil,w negatiuc -$-DA* 
Sucrose: ?,nsitir,P negatiue. -m- 
Xylose: positiue, negatiue. -3sa. 
Citrate: positke, negative. _L.QA. 

Iatiue h. NHI' AS SOLE NITROGEN SOURCE: positive, 

L A W O S k i  PosmJa * 4 n4. 
MANNITOL: POStTl\tE. 

REDUCTIONS : 
Nitrate: NO2--..!k, NH4+-, gas-, negative. -!&.A. 

Optical properties 
Appearance by reflected light: dull, fluorescent, h- 
Appearance by transmitted light: 0- translucent, 

Medium: blackened, blued, browned, grayed, greened, 

Chromogenesis : 

s, iridescent, opalescent. 

transparent. 

yellowed, unchanged. 

(medium) ( color ) (CHM No.) 
Trypticase soy agar C&&M 1"ZCi% 
Potato slant GOL~XN BI;LOWN '99 - 

NUTRIENT BROTH: age -LDA.-. 
Amount of growth: abundant, moderate, 
Surface growth: flocculent, membranous, pellicle, ring. 
Subsurface growth: n m ,  granular, turbid. 
Sediment: none, compact, fiaky, flocculent, granular, &&. 
Odor: resembling B M L .  

GELATIN STAB: age -. 
Liquefaction: none, crateriform, infundibuliform, n a v i f m ,  

saccate, stratiform. 
Rate: fast, moderate, h. 

OTHER GROWTH CHARACTERISTICS: 
Soybean infusion agar: FAIR G-. 
Fat agar: 
Glucose-nitrate agar: FAINT G M  . 

*NUTQ\QALUI" WAQ z FALNT G w  . 
b3UYRlWw RCAQ: f A \ Q  GQO 
A~~~~ N\TR#FS, 6-m %Lw C CAS. H?S from -: positiue, 
hUREQD6lC OkAcQzL *tu*. b h \ r €  daaljrrr, negative. 

NH,' from peptone: positive, negatiue. PH +.O. 
DNA Acetylmethylcarbinol: positiue, neeatiug. 

G:C ____ Indol: positive, negative. 
G-l-C - moles 46 Methyl red: positiue, 

Methylene blue: positive, negatiue. 
Selenite: positiue, negatiue. 
Tellurite: positive, negative. 
- 

OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid&, alkaline-, neutral, gas. 
Sucrose: acid&, alkaline-, neutral, gas. 
Lactose: a c i d ,  alkaline-, neutral, gas. 
Xylose: acid lr ,  alkaline-, neutral, gas. 
Mannitol: acid+, alkaline, neutral, gas. 
- 

IIYDROLYSIS : 
Gelatin: w e ,  negatiue. 
Casein: positive, zeeatiue. 
Fat: positiue, negative. 
Starch: positive, negatiue. 
Cellulose: positiue, negatiue. 
Urea: positive, negatiue. 

TOLERANCES: 
Salt: 2%-p-e, negative. 

7%-positiug, negative. 
lo%--, negatiue. 

pH: acid-- - ., alkaline 

LITMUS MILK REACTIONS: 
Reaction: acid, alkaline, n e w .  
Curd: acid, alkaline, a-t, gas. 
Peptionization: positive, negative. 
Reduction: positiue, negative. 

OTHER REACTIONS: 
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( source ) 
-- -chi'a ~Atnnpmprt 

(code number) ( medium ) 

p8oc - B: R w  
(temperature) (studied by) 

I .  STAINING G MORPHOLOGICAL 
CHARACTERISTICS 

MORPHOLOGY: 
Form: _7ods, ed-9 

fikzments, cocci, spirals, 
brunching 

size: average -1.03 K 3*03y.  

Irregular forms: 
-range - 0.93 - \.%% x 2J3 - 4-b# 3. 

NIGROSIN: 

GRAM REACTION: 
18 hrs:lOO% (3081TtUG 9 

48 hrs:100 % Eb6tT\OLE-. 
24 hrs:lOO% CksN\\JE. 

PASTEURIZATION SURVIVAL ( 85"C, 10 minutes) :fbSts&E. 
Sporangia: none, rods, spindles, elliptical, cluvate, drumstick. 
Endospores: .gg&g, not swollen,. 

Shape: spherical, gllivsoi&, cylindrical, oval. 
size: average -1.19 x \.+Clp. 

Position: central to excentric, terminal, subterminal. 

range --\.oZ -\.30 KI.& - \ .08~.  SPORE : 

MOTILITY: age r. cJ€%bMWE. 
Flagella: 

OTHER STAINS: 
18, 24, 48 hr. GRAM: 

* Physiologically reaembles this sp., although t h i s  isolant is indol nea 



11. CULTURAL CHARACTERISTICS 

AGAR STROKE: age 3. 
Amount of growth: abundant, -, scant. 
Form: aborescent, beaded, echinulate, effuse, filiform, rhiz- 

oid, spreading. b 

Consistency: adherent, brittle, butyrous, membranous, moist, 
slimy, soft, tough, viscid, waxy. 

AGAR COLONIES : age -1. 
Macroscopic 

size: Z m. 
Shape: filamentous, irregular, oval, puntiform, r&. 
Elevation: beveled, convex, effuse, &t, papillate, pulvin- 

Topography: contoured, rough, s m m  striated, wrinkled. 
Habit: compact, spreading. 

ate, raised, rugose, umbonate. 

Microscopic (1OOx) 
Margin: Ciliate, cleft, crenate, -e, erose, granular, 

lobed, rhizoid, undulate. 
Internal structure: amorphous, dense, filamentous, g ~ -  

lar ( fize, coarse ) , interlaced, striated. - 
Optical properties 

Appearance by reflected light: dull, fluorescent, e- 
Appearance by transmitted light: -e, translucent, 

% iridescent, opalescent. 

transparent. 
Medium: blackened, blued, browned, grayed, greened, 

Chromogenesis: 
yellowed, unchanged. 

(medium) { color ) (CHM No.) 
Trypticase soy agar &amboa zCb 
Potato slant 
- 
- 

NUTRIENT BROTH: age 4 - m .  
Amount of growth: abundant, moderate, scant. 
Surface growth: =e, flocculent, membranous, pellicle, ring. 
Subsurface growth: none, granular, w. 
Sediment: none, compact, flaky, flocculent, granular, viscid. 
Odor: resembling 

GELATIN STAB : age rBm,  
Liquefaction: none crateriform, infundibuliform, napiform, 

saccate, stra-m. 
Rate: fast, moderate, slow. 

OTHER GROWTH CHARACTERISTICS: 
Soybean infusion agar: NO . 
Fat agar: 
Glucose-nitrate agar: C A ~ U ~ .  
h-UGoSr*  NUTUIQIIlr AGAQ *. FA\Q 
b(UTa\€M k n Q : ~ .  
ANA%fZOBC NITISAT€ Bponr: h S .  

2bbac 
111. PHYSIOLOGICAL CHARACTERISTICS - 

RELATIONSHIP TO 0 2 :  e anaerobic, fucultatiue, micro- 
aerophilic. 

CATALASE: positiue, negative. 

TEMPERATURE RELATIONSHIPS: age -A. 
Growth at S C . &  20°C. & 28"C..CI, 37"_1_, 

4 5 " C L ,  55"C.&. 

SOLE CARBON SOURCE: age 
Glucose: positive, negative. 2!mi 
Sucrose: g~&&, negative. ;)9_r28. 
Xylose: positioe, negative. a Q a .  
Citrate: positive, negative. 3L.m. 

a5 06. 

NH1' AS SOLE NITROGEN SOURCE: positive, 
ne ative Lzs. L~c$OC%.:  as; crwtc. 2. Oh. MANN~TQL : Ooc~r ige.  

REDUCTIONS: 
Nitrate: NOz-*, NHa+-, gas-, negative. 3. 
Methylene blue: positive, %rg&&. 
Selenite: positive, negative. 
Tellurite: positioe, negative. 
- 

OXID-4TIVE-FERMENTATIVE REACTIONS 
Glucose : acid*, alkaline-, neutral, gas. 
Sucrose: acid&, alkaline-, neutral, gas. 
Lactose: a c i d ,  alkaline-, -d, gas. 
Xylose: a c i d l ,  alkaline-, neutral, gas. 
Mannitol: a c i d l ,  alkaline, neutral, gas. 
- 

HYDROLYSIS : 
Gelatin: positive, negative. 
Casein: positive, negative. 
Fat: positive, negatbe. 
Starch: positive, negative. 
Cellulose: positive, negative. 
Urea: positive, negative. 

TOLERANCES : 
Salt: B%-positive, negatice. 

7%-positive, negative. 
lOX-positive, negative. 

pH: acid alkaline__ 

LITMUS MILK REACTIONS: 
Reaction: acid, alkaline, -1. 
Curd: acid, alltalino, a&t, gas. 
Peptionization: positioe, negative. 
Reduction: positive, negative. 

OTHER REACTIONS: 

DNA 
G:C 
G+C - moles % 

NH,' from peptone: positive, negative. 
Acetylmethylcarbinol: positive, negative. 
Indol: positice, m e .  
Methyl red: positive, perrative, 

- 
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